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(57) Abstract 



Method and apparatus to deliver an application to a client through a transmission medium. The application can be an interactive 
application, and the apparatus includes an appliance-specific transducer and an adaptive-transmission transducer. The appliance-specific 
transducer, in view of the client's request for the interactive application in the server, is configured to modify the application based on 
at least one characteristic of the client and at least one characteristic of the application to generate an appliance-specific output. Based 
on at least one characteristic of the application and at least one characteristic of the medium of transmission, the adaptive-transmission 
transducer is configured to modify the appliance-specific output to generate an adapted output. The output is delivered through the medium 
to the client, which includes a decoder and a user-interface. The decoder decodes the adapted output to produce a modified version of the 
interactive application to be used by a party through the user-interface. In another embodiment, the application can be a push application. 
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METHOD AND APPARATUS FOR A CLIENT-SERVER SYSTEM 
WITH HETEROGENEOUS CLIENTS 



5 This is a contmuadon-in-pait of co-pending U.S. Patent Application S/N 

08/970,735, filed on November 14, 1997, and incoipoiated by reference into this 
specification. 

BACKGROUND OF THE INVENTION 

10 

The present invention relates generally to a client-server technology and more 
particularly to a client-server ^stem with the application delivered to the client being 
automatically modified based on the resources available. 

15 

A server computer may deliver applications to many cUff^ent types of clients 
through many dififerent types of media. For example, the server can be delivering a page 
to a printer through a cable, a note to a pager through radio waves, an audio message 
to a cellular phone through microwave, a web page to a Internet enabled computer or 
20 a palmtop through infrared radiation, a movie to a television through optical fibers, or 
an on-off command to the switch of a microwave oven or the central air-conditioning 
system of a house through twisted pairs. 

Each of these dients or ^^liances have different capabilities. Some of them can 
25 have relatively powerfid microprocessors and memory capacity, sudi as a palmtop. 

Others can be ultra-thin clients with minimal computation and memory power, such as 
a television. The delivery media can be very different. For example, some have large 
bandwidth, such as optical fibers; but others have low bandwidth, such as twisted pairs. 
Also, the applications can be quite diverse. For example, a movie requires large 
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h^)dv\idih, low latency, and is quite tolerant to error rates; but an on-ofF command to 
a suiich has to be absolutely accurate, though the bandwidth requirement is low. 

There is typically a spedfic approach to deliver each type of application through 
a spcafic medium to a specific client. For example, if you want to print a page, you will 
aaf\Tiic a specific printer driver to print that page; and if you want to send a web-page 
to your Internet enabled computer, your web-page is compressed by a certain pre- 
determined ratio and is transmitted following a specific network protocol. Different 
soft v^are programs are called by the server to accomplish such diverse tasks. 



WT«her an Intemet enabled conputer or a tdevision requests for an interactive 
application, which is an application that you can interact with, such as a web-page, the 
scr> cr t>picaUy follows the same preset network protocol to deliver the interactive 
application. In other words, if, for example, the transmission medium is changed after 
15 the protocol is preset, the server does not have the intelligence to modify the protocol 

dv-namicaDy in view of the change. There is no intelligent adaptability on the part of the 
server The server would not know or would not care that a user is sitting one foot 
away from the web-page on the Intemet enabled computer, or is sitting sfac feet away 
from the wdvpage on the tdevision. 

20 

Not only does the server lack adaptability, the server would not be able to 
respond to certain requests firom certain clients. For example, the application is a push 
application, wWch is an application determined by a user based on her profile, such as 
quoting the stock price of XEROX at 1 PM everyday. A server would not be able to 
25 respond automatically to both a pager requesting for a stock quote, and a standard 

telephone requesting for a weather report. The way it is typically done nowadays is to 
have a separate server dedicated to handle each of these tasks. 
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It should be apparent from the foregoing that there is still a need for an 
apparatus and method to automatically handle such diverse applications, client 
capabilities and transmission media, such that different applications can be automatically 
modified based on the resources available fi-om the transmission media and the clients. 
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SUMMARY 



Hie preset invention is on methods and apparatus that automaticaUy modify 
5 an appUcation in view of one or more of the foUowing: the plication, and the 
capability of the client requesting the appUcation and the transmission medium 
deUveiing the j^lication. The cUent can be a pahntop computer showing your new 
appointment of the day, a microwave oven automaticaUy being turned on at 6 PM 
to cook your chicken, or a television showing your fevoiite James Bond movie. 
10 Each of these cUents has differait c^bilities connected to different transmission 
media, and each appUcation has its characteristics. Based on this invention, the 
server computer automatically modifies tiie specific appUcation in view of the 
resources available so as to maximize the benefits of tiie resources. 

15 In one embodiment, the j^Ucation can be of an interactive type, such as a 

web-page, which a user can interact with. This embodiment includes a server 
apparatus in a server, llie server appaatas includes an appliance-specific transducer 
and an adaptive transmission transducer. The appliance-specific transducer, in view 
of a cUent's request for an interactive appUcation in the server, is configured to 
20 modify the appUcation based on the cUent and tiie appUcation to generate an 
appUance-specific ou^ut. This ou^ut is modified automaticaUy depending on the 
cUent and the appUcation itself. The adaptive transmission transducer, which is 
coupled to the appUance-j?)ecific transducer, is configured to modify tiie appUance- 
specific output. The modification is again based on the iq)pUcation and the 
25 corresponding medium of transmission. After the modification, an adapted output 
is generated, and is ddivered tiirou^ the medium to the cUent. Then, tiie cUent 
decodes tiie adapted ou^ut to produce a modified version of tiie interactive 
{plication that is a6aptsd for the cUent. 
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In another embodiment, the application can be of a push type. A push 
application is an application that is pre-detemiined by a user, such as from the user's 
profile. Based on her preference, as shown in her profile, specific applications can 
be delivered to her. For exan5)le, during weekends, she prefers to wake up at 9 am, 
and she likes music by the Beefles. So at 9 am every Saturday and Sunday, the 
server selects a song by the Beetles, compresses it, and delivers it to her speaker next 
to her bed for fifteai minutes. This embodiment also includes a server i^>paratus, 
with its corresponding appliance-specific transducer and adaptive transmission 
transducer. 

Yet another embodiment includes a client apparatus in a client. The client 
apparatus includes a decoder for generating the modified version of an application 
from an adapted output. The adapted ou^ut is generated by one of the above 
described ^liance-specific transducer and adaptive transmission transducer 

Based on the present invention, applications are automatically mapped onto 
various clients based on the resources available. In one embodiment, the resources 
include the bandwidth, accq)table error rates, and the latency of the transmission 
medium, and the processing power and memory cj^Micity of a client. 



With the preset invOTtion, differait types of cheats can be connected 
through the same transmission medium, such as a high speed Internet connectivity. 
The server can modify the applications based on the clients receiving them and based 
on the applications. Also, with the present invention, different types of clients can 
25 be connected through different media, such as wired and wireless, digital and analog; 
and the server can adapt the applications accordingly. 
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The client can be ultia-thin, with minimal computing power and memory 
capacity because the server has already ad^ted or modified the application for the 
client. In other words, the client can be a very low-cost device. 

5 Moreover, since applications can be modified by the server to fit specific 

clients, the same content materials can be used for diffeiCTt clients. For example, 
the present invention can use the same Internet content for an Intern^ cabled 
computer and a television. And these contents can be deUvered to different clients 
in realtime. 

10 

With the presCTt invration, development time to adapt diJffercnt plications 
to a new type of clirat can be significantly reduced. Changes can be done through 
software modification based on the present invention. This, in turn, significantly 
enables widespread deploymat of a new type of cliMt into the market place quickly. 

15 

Note that the lai^[uage used in the specification has been pri^ selected 
for readability and instmctional purposes, and may not have bem selected to 
delineate or circumscribe the inventive subject matter. Also, the features and 
advantages described in the specification are not all-inclusive. Other aspects and 
20 advantages of the present invention will become apparent to one of ordinary skill in 
the art, in view of the specification, which illustrates by way of example the 
principles of the invention. 
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BRIEF DESCRIPTION OF THE DRAWmGS 

FIG. 1 shows examples of applications applicable to the present invention. 

5 FIG, 2 shows an example of the server side and the client side of the present 

invention connected through a transmission medium. 

FIG. 3 shows one set of steps to implement one embodiment of the invention. 

10 FIG. 4 shows examples of appliance-specific transducers in the present 

invention. 

FIG. 5 shows one embodiment of the adaptive transmission transducer of the 
present invention. 

15 

FIG. 6 shows examples of the characteristics of transmission media for the 
present invention. 

FIG. 7 shows examples of ways to select the compression algorithms based on 
20 the computation power of the client and the input data type in the present invention. 

FIGS. 8A-B show examples of network protocols seleaed by the adaptive 
packetizer under different conditions in the present invention, 

25 FIGS. 9A-B illustrate an example of a decision tree of the preset invention 

for a Web browsing application. 
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Same numa^ in Figures 1-9 are assigned to similar elements in all the figures. 
Embodiments of the invention are discussed below with reference to Figures 1-9. 
However, those skilled in the art will readily appredate that the detailed description 
given herein with respect to these figures is for explanatory purposes as the invention 
extends beyond these limited embodiments. 
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DETAILED DESCRIPTION OF THE INVEPmON 

The present invention is applicable to a server-client environment. The server 
can be connected to one or more clients through the corresponding transmission media. 

5 The server can be a personal computer or other types of computers, typically with more 
computation power and memory than the clients. The clients can be many different 
types of computing engines; for example, they can be an Internet enabled computer, a 
television, a palmtop, a microwave oven, a telephone, or a pager. Thus, the capabilities 
of a client can be quite flexible, as long as it has a decoder to decode the information 

10 delivered by the server. In one embodiment, the clients also have some form of user- 
interface apparatus to communicate the decoded information to a user. 

In one example, a client requests for an application. This can be done by a user 
activating his set-top box. He might want to get to YAHOO' s web page through his 
television. This type of application is known as an interactive application, 102 in FIG. 
1 . In such an application, a user can interact with the application. This is different from 
just passively watching a STAR TREK episode on the television, because a user cannot 
change anything in the episode. Anyway, the request is transmitted to the server, which 
will access the web page. Then the server adapts the accessed web page for the 
television, with the adaptation depending on a numb^ of factors; for example, the web 
page itself, such as whether the web page contains text, images, video or some 
combination thereof, and the resources available, such as the transmission medium 
carrying the web page to the client, and the capability of the client. In one embodiment, 
the web page is modified based on MPEGl specifications and the RTP network 
protocols, and is transmitted through an Internet connection from the server to the set- 
top box of the television. In this case, the client is the television and the set-top box, 
which receives the transmitted signal, and decodes it. The decoded signals are typically 
a modified version of the original application. In other words, the decoded application 
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is not exactly the same as the application in the server. Then the set-top box shows the 
web page on the television, allowing the user to interact with it. 

In another onbodiment, a user initiaUy enters his preference to the server. This 
can be the score of the LA Lakers basketball team at the end of each of their games to 
be shown on her pager screen. Sudi piece of information is also known as a push 
application, 104 in FIG. 1; it is preset by the user. When a score is avaUable, the server 
can deliver it to her pager through radio wave. Again the appHcation can be adapted 
based on at least one characteristic of the ^plication itsdf and the resources available. 

FIG. 2 illustrates one embodiment of the server side and the client side of the 
presait invention connected through a transmission medium 154. FIG. 3 shows one set 
175 of steps to implement one onbodiment of the invention. 

In one embodiment, the sMver side includes an appliance-spedfic transducer 
150 and an adaptive-transmission transduer 152. In general terms, the appliance-specific 
transducer 1 50 modifies (step 177) an application based on the capability of the client; 
and the adaptive-transmission transduer 152 further modifies (step 181) the appUcation 
based on the transmission medium 154. The modification can also depend on the 
appUcation itself for example, an audio signal is modified in a different way as compared 
to a piece of written text. In one embodiment, the cUent includes a decoder 156 and a 
user-interfece 158. The decoder 156 interprets or decodes (step 185) the delivered 
signal, which, may have previously been tailored to the capability of the decoder 156. 
Then, the user-interface 158 presents the modified application 187 to a user. 

In one embodiment, the appUance-specific transducer 150 modifies an 
appUcation based on at least one characteristic of the appUcation in conjunction with the 
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client f-or illustration purposes, there are four diflferent types of applications; and they 
arc 

(a) Document or Doc, which includes text and images in their corresponding 
formats. 

5 (b ) Internet, which includes streaming multimedia and plugins. 

(c) Email. 

(d) Form, which includes different types of forms with different formats for a 
user to enter information into. 

Each of these applications has its characteristics, and can be modified differently 
1 0 depending on the client. 

FIG 4 shows examples of appliance-specific transducers 150 in the present 
invention In this specification, a term with an application appended by a client 
designates an appliance-specific transducer 150 for that application and that client. For 

15 example, a DocTV designates an appliance specific transducer for modifying a 
document for television viewing. This transducer can include a number of sub- 
transducers, such as a format sub-transducer for TV to change the format of the image 
depending on the television. This can be changing the size of the text so that a user six 
feet away can see the text. So there can be one or more of such sub-transducers to 

20 . adapt the application for television viewing. Note that television is typically watched six 
or more feet away, while a computer monitor is less than one foot away firom a viewer. 
Other sub-transducers, depending on needs, can be a text sub-transducer to change the 
text charaaeristics based upon the client, an image sub-transducer to change the image 
charaaeristics based upon the client's display capabilities, and a user-interface sub- 

25 transducer to enhance the usability of the application on the client. The appliance- 
specific transducer 150 can add one or more sub-transducers dynamically to modify the 
application accordingly. 
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Figure 4 shows additional examples of such sub-transduces. For example, if 
one is browsing the Web using a phone with a display, the appliance-specific transducer 
150 can be a DocSPhone, 200. with S in SPhone denoting screen, or an 
IntemetSPhone, 202. The DocSPhone is used if one is just using the phone to passively 
receive messages, while the IntemetSPhone is used if one is using the phone to interact 
with the messages, as in interacting with a Web page. For another example, if one is 
using the phone to retrieve email, the applianc^spedfic transducer 150 can be an 
EmailSphone, 204, or a DocSPhone. The EmailSPhone. 204. has additional intelligence 
in that the phone can have a software management system for emaU. As a final example, 
if the phone is used for electronic commerce or E-Commerce. the appliance-specific 
transducer 1 50 can be a FormSPhone. 206, which can allow a user to edit a form, as in 
ordering a book fi-om the Web. 

There are diflferent ways to produce such appliance-specific transducers 150. 

One way is based on methods and apparatus disclosed in the co-pending U.S. Patent 
AppUcation S/N 08/970,735. filed on November 14, 1997. to generate such 
transducers dynamically. Another method can be through direct map^g. For 
example, a page in HTML can be changed or mapped directly into a bit-map. 

In one embodiment, the ou^wt fiom the appliance-spedfic transducer 150 is 
an appliance-jpedfic oatpat 179, which is farther modified by an ad^tiv^ 
transmission transduer 152. 



The adaptive-transmission transduer 152, based on the characteristics of the 
application and the transmission medium 154, modifies the appUance-spedfic output 
179 to generate an adapted output 183. In one embodiment, the compression algorithm 
and the network protocol to be operated on the appliance-specific output 179 depend 
on at least one characteristic of the appUcation, such as the reUability or error rate of the 
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application required, and the speed or bandwidth of the transmission medium 1 54, After 
the appliance-specific output 179 is modified to generate the adapted output 183, the 
server sends the adapted output 183 through the transmission medium to the client. 

5 FIG. 5 shows one embodiment of the adaptive-transmission transduer 152 of 

the present invention. It includes a multimode compressor 250 and an adaptive 
packetizer 252. The compressor selects the appropriate compression algorithm to 
compress the appliance-specific output 179, while the adaptive packetiza* 252 selects 
the network protocol to generate the adapted output 183. 

10 

FIG. 6 shows examples of the characteristics of transmission media for the 
present invention. The difiTerrat characteristics can be in the bandwidth, error rates and 
latency. Latency represents how long a client has to wait for an application. A 
medium with a high error rate implies that data gomg through such a transmission . 

15 medium 154 tends to have more errors. To compensate for such deficiencies, an 

application might have to be re-sent to ensure the right signal has been received. This 
increases latency. For example, an analog signal, 300, transmitted through air— a 
wireless analog signal— has high error rate, 302, because signal interference can be high. 
Since the signals might have to be transmitted a number of times to ensure accuracy, the 

20 latency of the agnal increases, 304. Depending on the application and the transmission 
medium 1 54 to be used, the adaptive-transmission transduer 152 automatically takes 
into account such variations, for example, by selecting the appropriate compression 
algorithm and network protocol. 

25 In one embodiment, the multimode compressor 250 automatically selects the 

compression algorithm in view of the application, the transmission medium 1 54 and the 
client. The higher the form of data to be sent fi-om the server to the client, the lower the 
bandwidth required, but the more computation power the client has to have. For 
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cxamplc. vviih respect to ASCII text (a higher form data) and bitmap (a lower form 
dua). the ASCII text document takes less bandwidth to be transmitted, but the client 
ncxnl> the decoding capability to understand the ASCII text. On the other hand, if the 
diKument is sent in bitmap, the client displays whatever is received, but the amount of 
daiji sent increases significantly. If the client has the capability to decode compressed 
ASCII text, and if the transmission medium 154 has a small bandwidth, then it is better 
to compress the ASCII text before transmission. This ensures a more eflScient use of 
the resources 



10 In one embodiment, the parameters used to choose the compression algorithm 

include 

(a) li^ut data type, whether it is text, gr^hics, natural images, audio or video. Note 
that the application can have a number of different input data type, such as there can be 
text and images on the same page. 
15 (b) Rate-distortion requirement, or the compromise between bandwidth versus quality. 

(c) The transmission medium 154, which affects the bandwidth, error rate and latency. 

(d) Capabilities of the server and the client, such as the processing power and memory 
available 



A number of compression algorithms are applicable to this invention. They 
include Lempel-Ziv (LZ), Run Length Encoding (RLE), JPEG, Hierarchical Vector 
Quantization (HVQ), ADPCM, MPEGl, MPEG2, H263 and Hierarchical Vector 
Quantization with Conditional Rq)lenishment (HVQCR). 

FIG. 7 shows ways to select the compression algorithms based on the input data 
type and the computation power of the client because the decoder 156 might need to 
decompress the adapted output 183. Note that the computation power of the server 
may also have to be tak^ into account because it is the server, or the multimode 
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compressor 250, that is performing the compression. However, typically, the client is 
not as powerful as the server. If the client has su£Bcient power to decompress, the 
server should have sufficient power to compress. 

5 In one embodiment, the ad^tive-transmission transduer 152 not only selects the 

compression algorithm, it also selects the network protocol. This can be done by the 
adaptive packetizer 252. To illustrate the present invention, three protocols are 
considered, and they are TCP, UDP and RTF. 

10 FIGS. 8A-B show examples of network protocols selected by the adaptive 

packetizer 252 under different conditions, with FIG. 8A for low-error rates and FIG. 8B 
for high-error rates. In one embodiment, the selection again is done in an adaptive 
manner, with the choice made depending on the data type of the application and the 
transmission medium 154. For example, if the application is a piece of text and has to 

1 5 be accurate, then error rate has to be low. If the transmission medium has inherently 
high latency, then as shown in FIG. 8A, UDP is selected. On the other hand, if the 
plication is a video stream, then error rate can be high, but latency should be low 
because a viewer's enjoyment level drops if there are detectable gaps between 
frames. Based on FIG. 8B, RTP is selected. 

20 

In one embodiment, the client can be ultra-thin. It only needs minimal 
computing power and memory capacity because the server has already adapted or 
modified the application for the client. Such type of clients can be very low cost. 
An example of a ultra-thin client is a TV srt top box that is capable of handling 
25 powerful applications, such as streaming audio and video, Java applets and ActiveX 
controls. Such a box may only require the computing power of a 16 MHz 80386 
microprocessor, with 1 Mbyte mraioiy, and with embedded software that can fit into 
100 KBytes memoiy. 
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HGS. 9A-Bmustiate an example ofadecision tree of the present invention 
for a Web browsing appUcation 400. As shown in HG. 9A, if the appliance or the 
client is a television 402, then the q)pliance-specific transducer 150 will select the 
sub-transducera of a DocTV and an IntemetTV. The output fiom the appliance- 
specific transducer 150 is fiiither modified, as shown in HG. 9B. For example, a 
part of the appUcation isapiece of text, so thedata type, 404, is text, 406. Alio, the 
transmission medium 154, or the connection 408, is wired LAN, 410, with 
bandwidth of 10 bits per second (Mbps). Further assume that the computing 
power. 412, of the appliance is low, such as less than 10 miUion instructions per 
second (Mips). Tben. following the decision tree, the adaptive-transmission 
transduer 152 will sdect RLE as the compression algorithm and UDP as the network 
protocol. After the modification, the ou^ut will be transmitted through the wired 
LAN to the appliance, which in diis case is a television 402. 

Another embodiment of the invention includes a new type of network 
protocol. It is an appUcation layer protocol, known as VAP. It runs on top of 
network protocols, such as the TCP, UDP or RTP. VAP inchides two packet types, 

the Rendered Data Objea (RDO) and the CUent Data Object (CDO). RDOsareseni 
fiom the server to the cUent in response to a CDO request 



(a) 



(b) 
(c) 



The RDO chaiactmstics include the foUowing: 

Each RDO packet is self-contained in that it is possible to decode and 
rqjroduce a portion of the output based upon each RDO separately. Such a 
feature is especially suilable to situations with high latency or high error 
rates. It also pennits packets to be deUvered out of order. 

Each RDO packet ointains complete information about the active areas of the 
scteen and correspcmduig actions. 

RDO packets conlain infoimatfon about the compression algorithm used. 
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VAP pennits inciemental reconstruction of the ou^ut at the client. This is 
applicable to implement smart-loading which improves the user e3q>erience 
by providing them with some data quickly. RDO packets contain 
information about the layer of the reconstruction including transparency 
information. 



The CDO characteristics include the following: 

(a) Each CDO packet contains an ^liance-id, which identifies the cheat and is 
specified by the VAP. It is for d^rmining the capabilities of the client so 

10 as to allow the server to respond accordingly. 

(b) Each CDO packet contains an action and corresponding data. 



Other embodiments of the invention will be apparent to those skilled in the 
art from a consideration of this specification or practice of the invention disclosed 
15 herein. It is intended that the specification and examples be considered as exemplary 
only, with the tme scope and spirit of the invention being indicated by the following 
claims. 
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CLAIMS 

1 . A server apparatus in a server for delivering an interactive application to a 
client through a transmission medium, the apparatus comprising: 

an appliance-specific transducer, in view of the client's request for the 
interactive application, configured to modify the appUcation based on at least one 
characteristic of the cUent and at least one characteristic of the appUcation to generate 
an appliance-q)ecific ou^ut; and 

an adaptive-tiansmission transduce coupled to tiie appliance-specific 
transducer, configured to modify the ^liance-qaedfic ou^ut, based on at least one 
characteristic of the application and at least one characteristic of tiie medium of 
transmission to generate an ad^ited output to be deUvered through tiie medium to tiie 
cUent, which decodes the adapted output to produce a modified version of flie 
interactive application. 

2. A server apparatus as recited in Claim 1 wherein the adaptive-tiansmission 
transducer includes a compressor to compress the jqjpliance-specific ou^ut, and a 
packetizer to set tiie network protocol for the jqjpliance-specific ou^t. 

3. A server appataius as redted in Claim 2 wherein tiie compression applied by 
the compressor dqiaids on the c^^ability of the client. 

4. A server apparatos as recited in Claim 2 wherein tiie compression applied by 
tiie compressor depends on tiie bandwidtii of tiie transmission medium. 

5. A server apparatus as redted in Claim 2 wherein die compression appUed by 
tiie compressor dep^ds on tiie enor rate of tiie transmission medium. 
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6. A server ^>paiatus as ledted in Claim 2 wherein the protocol set depends on 
the desired error rates and latency in view of the application. 

7. A server apparatus in a server for delivering a push application to a client 
5 through a transmission medium, the sqTparatus comprising: 

an appliance-specific transducer configured to modify the push ^Ucation 
based on at least one characteristic of the client and at least one characteristic of the 
application to g^ierate an appliance-spedfic ou^t; and 

an adaptive-transmission transducer coupled to the sq^pliance-spedfic 
1 0 transducer, configured to modify the SQ^pliance-specific output, based on at least one 
characteristic of the application and at least one characteristic of the medium of 
transmission, to generate an adapted output to be delivered through the medium to 
the client, which decodes the adapted output to produce a modified version of the 
push application. 

15 

8. A client SQ>paratus in a client for generating a modified version of a push 
application received fitom a server through a transmission medium, the ^aratus 
comprising: 

a decoder for generating the modified version of the push plication from 
20 an adapted output, which is generated by a server aiq)aratus in the server, 
such that the server modifies: 

the SQplication based on at least one characteristic of the climt and at 
least one characteristic of the application to generate an appliance-specific output; and 
the ai3pliance-9)ecific output based on at least one diaracteristic of the 
25 application and at least one characteristic of the medium of transmission to generate 
the adapted output to be delivered through the medium to the client. 
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9. A cUent apparatus in a client for generating a modified version of an 
interactive application recdved firom a seiver through a transmission medium, the 
qiparatus comprising: 

a decoder for generating the modified version of the interactive application 
from an adapted output, which is generated by a seiver appaiatus in the seiver; 

such that the server apparatus: 

in view of the client's request for the interactive appUcation, modifies 
the application based on at least one characteristic of the cUent and at least one 
characteristic of the appUcation to generate an appliance-specific ou^t; and 

modifies the ^liance-j^wdfic ou^, based on at least one 
characteristic of the qjplication and at least one characteristic of the medium of 
transmission, to generate the adapted oulput to be delivered through the medium to 
the cheaL 



10. A method of modifying an interactive application by a server, to be deUvered 
to a client through a transmission medium, the mediod comprising the steps of: 

modifying, in view of the client's request for the interactive qjplication, the 
application based on at least one characteristic of the client and at least one 
characteristic of the application to generate an appliance-specific output; and 

modi^g the appliance-specific ou^t, based on at least one characteristic 
of the application and at least one characteristic of the medium of transmission to 
generate an adapted output to be delivered through the medium to the client, which 
decodes tiie adapted output to produce a modified version of the interactive 
application. 

11. A method of modifying a push application by a server, to be deHvered to a 
client tiirough a transmission medium, the method comprising tfie steps of: 



wo 99/66673 PCT/US99/12955 



-21 - 

modifying the push plication based on at least one characteristic of the 
client and at least one characteristic of the application to generate an appliance- 
specific output; and 

modifying the ^liance-specific output, based on at least one characteristic 
5 of the application and at least one characteristic of the medium of transmission, to 

generate an adapted output to be delivered through the medium to the client, which 
decodes the adapted output to produce a modified version of the push application. 

12. A m^hod of gmerating by a client a modified version of a push application 
10 received from a server through a transmission medium, the method comprising the 

step of: 

decoding an ad^ted ou^ut to generate the modified version of the push 
application, wherein the ad^q^ted ou^ut is generated by: 

modifying the plication based on at least one characteristic of the client and 
15 at least one characteristic of the plication to generate an c^liance-specific output; 
and 

modifying the appliance-specific output based on at least one characteristic 
of the application and at least one characteristic of the medium of transmission to 
generate the sdaptsd output to be delivered through the medium to the client. 

20 

13. A method of generating by a client a modified version of an interactive 
application received from a server through a transmission medium, the method 
comprising the stq> of: 

decoding an ad^^ ou^t to g^^ale the modified version of the interactive 
25 application, wherein the ad^^ted output is generated by: 

modifying, in view of the client's request for the interactive application, the 
application based on at least one characteristic of the client and at least one 
characteristic of the application to generate an appliance-specific output; and 
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modifying the appliance-q^ific ou^t, based on at least one characteristic 
of the application and at least one characteristic of the medium of transmission to 
generate Ae adapted oulput to be delivered through the medium to the client. 
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